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SUMMARY 


An investigation was made in the Langley V/STOL tunnel to determine, by 
the trailing-wing sensor technique, the trailing-vortex-alleviation effective- 
ness of both a one- and a two-fin configuration (semicircular with a radius of 
0.043 semispan) on a jumbo- jet transport airplane model in its landing config- 
uration. The fins were located on the upper surface of the transport model 
wing along the 30-percent-chord line. The fin configurations were effective 
in reducing the vortex- induced rolling moment, by amounts varying from 28 to 
60 percent, on the trailing wing model located at a distance of 7.8 transport 
model wing spans downstream of the transport model. 

The flow over the fins and over the transport airplane model wing down- 
stream of the fins was observed to be separated and turbulent. All fin 
configurations caused a reduction in maximum lift coefficient, a positive 
increment in drag coefficient, and an increment in nose-up pitching-moment 
coefficient on the transport airplane model. 


INTRODUCTION 

The strong vortex wakes generated by large transport airplanes are a 
potential hazard to smaller aircraft. The National Aeronautics and Space 
Administration is involved in a program of model tests, flight tests, and 
theoretical studies to investigate aerodynamic means of reducing this hazard. 
(See ref. 1 .) 

Results of recent wind-tunnel and water-tank investigations have indi- 
cated that the trailing vortices behind a swept-wing transport airplane model 
can be attenuated by fins of various shapes and planforms when they are located 
well forward on the upper surface and near the midspan of the transport air- 
plane wing. (See ref. 2.) In these investigations, fins with rectangular, 
triangular, and semicircular shapes were tested. It was found that semi- 
circular fins provided as much or more alleviation at the same downstream 
location than either the triangular or rectangular fins having the same plan- 
form area. All data reported in reference 2, however, were obtained with the 
transport airplane model set at only one angle of attack in each of the test 
facilities (4® in wind-tunnel investigations and 5^ in water-tank investiga- 
tions) with the horizontal- tail incidence angle set at 0° in both test facil- 
ities. The difference in model attitude in the two facilities resulted in 
slightly different lift coefficients and out-of-trim conditions for each fin 
configuration on the transport airplane model. Also, with these limited data, 
an assessment of the overall effects of the various fin configurations on the 
longitudinal aerodynamic characteristics of the transport airplane model would 
be of a stochastic nature. 


The purposes of the present investigation, therefore, were to determine 
the trailing-vortex-attenuation effectiveness of semicircular fin configura- 
tions, in both single and double sets, on the transport airplane model at a 
trim lift coefficient of 1 .2 and also to determine the effects that these fin 
configurations have on the longitudinal aerodynamic characteristics of the 
transport airplane model. The direct-measurement technique described in refer- 
ence 3 was used to obtain trailing-wing rolling-moment data with the trailing 
wing model at 7.8 transport model wing spans behind the transport airplane 
model. (For the full-scale transport airplane, 7.8 wing spans represent a 
downstream distance of 0.25 n. mi.) 


SYMBOLS 

All data are referenced to the wind axes. The pitching-moment coeffi- 
cients are referenced to the quarter-chord of the wing mean aerodynamic chord. 

b wing span, m 


Drag 

Cq drag coefficient, ■ ■ 

qS«r 


Lift 

Ct lift coefficient, 

qSw 

C 2 trailing-wing rolling-moment coefficient, 

Trailing-wing rolling moment 


Pitching moment 

Cjjj pitching-moment coefficient, 

qS^Cw 

c wing chord, m 

c wing mean aerodynamic chord, m 

it incidence angle of horizontal tail, referred to fuselage reference 

line (positive direction trailing edge down) , deg 

q free-stream dynamic pressure. Pa 

S wing area, m^ 

X',Y’,z' system of axes originating at left wing tip of transport 

airplane model (see fig, 1) 

longitudinal, lateral, and vertical dimensions measured from 
trailing edge of left wing tip of transport airplane model, m 
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y 


lateral dimension measured from fuselage reference line, m 


ot angle of attack of fuselage reference line (wing incidence angle is 

2^ relative to fuselage reference line) , deg 

otf incidence angle of fin relative to undisturbed tunnel flow (positive 

direction when leading edge toward fuselage) (see fig. 3) , deg 


Subscripts: 

max maximum 

trim trim 

TW trailing wing model 

W transport airplane model 


MODEL AND APPARATUS 

A three-view sketch and the principal geometric characteristics of the 
0.03-scale model of the jumbo- jet transport airplane are shown in figure 1. 
Figure 2 is a photograph of the transport airplane model mounted on a sting 
in the Langley V/STOL tunnel. The transport airplane model was the same as 
that used in the investigation of reference 3. Semicircular fins having both 
flat-plate and Clark Y airfoil shapes (ref. 4) were tested singularly and in 
pairs. The fins were pivoted about their center on the 30-percent chord line 
of the wing. Figure 3 is a sketch showing the details and locations of the 
fins on the transport model. The fins for the one-fin configurations were 
located at 0.38b/2, 0.42b/2, and 0.46b/2. The fins for the two-fin configu- 
rations were at 0.42b/2 and 0.50b/2 and at 0.46b/2 and 0.53b/2. Photographs 
of the fin configurations are presented as figure 4. 

A photograph along with the dimensions of the unswept trailing wing model 
installed on the traverse mechanism is presented in figure 5. The trailing 
wing model had a span and aspect ratio typical of small-size transport 
airplanes. 

The test section of the Langley V/STOL tunnel has a height of 4.42 m, a 
width of 6.63 m, and a length of 14.24 m. The transport airplane model was 
sting supported near the forward end of the tunnel test section on a six- 
component strain-gage balance system which measured the forces and moments. 

The angle of attack of the transport model was determined from an acceler- 
ometer mounted in the fuselage. The trailing wing model was mounted on a 
s ingle-cOTiponent strain-gage roll balance which was attached to a traverse 
mechanism capable of moving the model both laterally and vertically. (See 
figs. 2 and 5.) The lateral and vertical positions of the trailing wing model 
were measured by outputs from digital encoders. The entire traverse mecha- 
nism, which could be mounted to the tunnel floor at various tunnel longitudinal 
positions downstream of the transport airplane model, was located at only one 
downstream position for these tests. 
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TESTS AND CORRECTIONS 


Transport Airplane Model 

The free-stream dynamic pressure in the tunnel test section for all tests 
was 430.9 Pa which corresponds to a velocity of 26.5 m/sec. The Reynolds num- 
ber for the tests was approximately 4,7 x 10^ based on the wing mean aerody- 
namic chord. Transition strips approximately 0.30 cm wide of No. 60 abrasive 
grit were placed 2.54 cm behind the leading edge of the wing; natural transi- 
tion was used elsewhere. The basic longitudinal aerodynamic characteristics 
were obtained over a range of angle of attack from approximately -4® to 24^. 
All tests were made with leading-edge devices extended, landing gear down, and 
landing flaps deflected to 30®. (See ref. 1.) 

Blockage corrections were applied to the data by the method of refer- 
ence 5. Jet-boundary corrections were applied to the angle of attack and the 
drag in accordance with reference 6. 


Trailing Wing Model 

The trailing wing model together with its associated roll- balance system 
was used as a sensor to measure the vortex- induced rolling moment caused by 
the vortex flow downstream of the transport airplane model. No transition 
grit was applied to the trailing model. The trailing model was positioned 
near the aft end of the tunnel test section (7.8 transport- model wing spans 
behind the transport airplane model) , and the traverse mechanism was positioned 
laterally and vertically so that the trailing vortex was near the center of the 
mechanism. The trailing vortex was probed with the trailing model. A large 
number of trailing-wing rolling-moment data points (usually from 50 to 100) 
were obtained from the lateral traverses at several vertical locations to 
ensure good definition of the vortex wake so that the maximum trailing-wing 
rolling moment could be determined. In addition, certain test conditions were 
repeated at selected intervals during the test period, and the data were found 
to be repeatable. All trailing-wing rolling-moment data were obtained with the 
transport airplane model at a trim lift coefficient of 1.2 (CL^trim “ 1*2). 


RESULTS AND DISCUSSION 
Transport Airplane Model 

Figures 6 to 1 1 present the longitudinal aerodynamic characteristics of 
the transport airplane model with both the one- and two-semicircular-fin con- 
figurations positioned along the 30-percent-chord line of each wing panel at 
several spanwise locations and for several fin incidence angles. Figures 6, 

7, 8, and 9 (with = 0^) show that for any of the one-fin configurations, 
at a lift coefficient of 1.2, there is a penalty in drag coefficient of 
about 0.02. Also, an increase of about 0.5^ to 0.75^ in angle of attack of 
the transport airplane model is required to maintain a lift coefficient of 1.2. 
The data in figure 9 indicate that there is no advantage of the Clark Y air- 
foil fin over the flat-plate airfoil fin at a fin incidence angle of 36^. 



For the two-fin configurations with i|- = 0^ (figs. 10 and 11) the penalty in 
drag coefficient, at a lift coefficient of 1.2, varies from about 0.04 at fin 
incidence angles of 24^ to about 0.06 at fin incidence angles of 36®. Corre- 
spondingly, for the two-fin configurations, an increase in angle of attack of 
the transport airplane model of from about 0.75® to 1.50® is required to main- 
tain a lift coefficient of 1.2. All the fin configurations investigated 
caused a reduction in maximum lift coefficient. (See figs. 6 to 11.) These 
data also show that all the fin configurations gave a positive increment in 
nose-up pitching-moment coefficient and that the linear range of pitching- 
moment coefficient generally was extended to a higher angle of attack. 

Based on the discussion presented in reference 2, it was anticipated that 
the overall flow over the wing would be improved by the fins. However, during 
this investigation, observations made of tufts installed on the fins and on the 
wing and flaps behind the fins showed that the flow was separated and turbulent 
over the fin and downstream of the fin. These observations indicated that there 
was an area on the wing downstream of the fins over which the lift was reduced. 
This reduction in lift, therefore, required an increase in angle of attack of 
the transport airplane model to maintain a given lift coefficient. This sepa- 
rated condition could contribute to the positive increment in nose-up pitching- 
moment coefficient obtained for all the fin configurations. 

Table I presents the angle of attack, horizontal- tail incidence angle, 
and measured drag cofficient for each of the fin configurations at a trim lift 
coefficient of 1.2 (C^^trim “ 1-2). For the trimmed conditions, the angle-of- 
attack changes and the drag penalties due to the fins are slightly smaller than 
indicated by the data for the transport airplane model with the horizontal tail 
set at an incidence angle of 0®. (See figs. 6 to 11.) For fin incidence 
angles from 24® to 36®, the increase in angle of attack required to maintain a 
trim lift coefficient of 1.2 varied from about 0® to 0.3® for the one-fin con- 
figurations and from about 0® to 1.3® for the two-fin configurations. The drag 
coefficient penalty was about 0.02 for the one-fin configurations and varied 
from about 0.03 to 0.06 for the two-fin configurations. 


Trailing Wing Model 

The maximum rolling-moment coefficient measured by the trailing wing model 
and the position of this model relative to the left wing tip of the transport 
airplane model are presented in figure 1 2 as a function of fin spanwise location 
for a one-fin (Clark Y airfoil) configuration. These data indicate that the 
effectiveness of the fin in reducing the induced rolling moment on the trailing 
model is dependent on fin spanwise location; the largest reduction was realized 
when the fin was located at the 42-percent semispan location. In reference 2, 
the largest reduction was also shown to occur with the fin at the 42-percent 
semispan location. 

The maximum rolling-moment coefficient measured by the trailing wing model 
and the position of this model relative to the left wing tip of the transport 
airplane model are presented in figure 1 3 as a function of fin incidence angles 
for all fin configurations. These measurements were made with transport air- 
plane model at a trim lift coefficient of 1.2. Generally, the figure shows 
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that/ over the range of fin incidence angle from 24^ to 36^, the fins reduce 
the induced rolling-moment coefficient on the trailing wing model as the fin 
incidence angle is increased. This result is similar to the result in refer- 
ence 2. The only data point obtained at a fin incidence angle greater than 36^ 
was that for the flat-plate fin at an incidence angle of 90^. The reduction in 
trailing-wing rolling-moment coefficient with the flat-plate fin at an inci- 
dence angle of 90^ was about 20 percent less than when the fin incidence angle 
was 36^, For a one-fin configuration / the maximum reduction in induced rolling 
moment measured on the trailing model was about 50 percent; for a two-fin con- 
figuration / the maximum reduction was about 60 percent. These results are 
similar to those in reference 2. Figure 13 also shows that, at a fin inci- 
dence angle of 36^, a fin with a flat-plate airfoil section was essentially as 
effective in reducing the induced rolling moment on the trailing model as was 
a fin with a Clark Y airfoil section. 

A summary of the trailing-wing rolling-moment data and the associated 
penalties in drag and maximum lift of the transport model for all fin con- 
figurations is presented in figure 14. The rolling-moment and drag data were 
obtained with the transport model at a trim lift coefficient of 1.2. The 
values of C^^max were obtained with the horizontal tail set at 0^. Fig- 
ure 14 shows that, for all the fin configurations, the maximum lift coefficient 
of the transport model is reduced as the fin incidence angle is increased, with 
the largest reductions in lift coefficient being for the two-fin configurations. 
For the one-fin configurations, the increase in drag coefficient was about 0.02 
throughout the range of fin incidence angle from 24^ to 36^; whereas, for the 
two-fin configurations, the drag coefficient increment increased from about 
0.03 to 0.06 as the fin incidence angle increased from 24^ to 36®. 


SUMMARY OF RESULTS 

Results have been presented of an investigation made in the Langley V/STOL 
tunnel to determine, by the trailing-wing sensor technique, the trailing-vortex- 
alleviation effectiveness of both a one- and a two-fin configuration (semi- 
circular with radius of 0.043 semispan) on the wing of a transport airplane 
model at various spanwise locations and incidence angles. An assessment was 
also made of the drag and lift penalties of these devices on the transport 
airplane model. 

Results from tests of a one-fin configuration made at spanwise locations 
of 0.38 semispan, 0.42 semispan, and 0.46 semispan indicated that the largest 
reduction in induced rolling moment on the trailing wing model was realized 
when the fin was located at 0.42 semispan. 

All fin configurations investigated reduced the induced rolling moment on 
the trailing wing model. The largest reductions were realized at a fin inci- 
dence angle of 36® for both the one-fin configuration (reduction of about 
50 percent) and the two-fin configuration (reduction of about 60 percent) . 

Observations of tufts on the fin and wing of the transport airplane model 
indicated that the flow over the fins and over the transport airplane model 
wing downstream of the fins was separated and turbulent. 
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The results of this investigation indicate that, at fin incidence angles 
from 24^ to 36®, all fin configurations caused a reduction in maximum lift 
coefficient, an increase in drag coefficient, and a positive increment in nose- 
up pitching- moment coefficient on the transport airplane model. The increase 
in drag coefficient was about 0.02 for the one-fin configuration throughout the 
test range of fin incidence angles. The increase in drag coefficient for the 
two-fin configuration varied from about 0.03 to 0.06 for fin incidence angles 
of 24® to 36®, respectively. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
May 11 , 1979 
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TABLE I.- ANGLE OF ATTACK, DRAG COEFFICIENT, AND HORIZONTAL-TAIL 
INCIDENCE ANGLE FOR FIN CONFIGURATIONS AT = 1.2 


Spanwise 
location 
of fin 

Fin 

airfoil 

section 

Fin 

incidence 
angle, Of, 
deg 

a, 

deg 

Cd 

it' 

deg 

Fins off 

Fins off 

Fins off 

2.79 

0.21 8 

-2.0 

0.38b/2 

Clark Y 

30 

2.78 

.233 

-1 .4 

.42b/2 

Clark Y 

24 

3.n 

.233 

-1 .0 

.42b/2 

Clark Y 

30 

3.13 

.235 

-.8 

•42b/2 

Clark Y 

36 

2.98 

.235 

-.8 

. 42b/2 

Flat plate 

36 

3.13 

.234 

-2.0 

.42b/2 

Flat plate 

90 

3.74 

.247 

-2.0 

. 46b/2 

Clark Y 

24 

2.96 

.235 

-1 .0 

.46b/2 

Clark Y 

30 

2.80 

.236 

-1 .2 

•42b/2 and 
•50b/2 

Clark Y 

24 

2.70 

.244 

0 

.42b/2 and 
. 50b/2 

Clark Y 

30 

3.78 

.268 

0 

,46b/2 and 
,53b/2 

Clark Y 

24 

3.18 

.256 

0 

. 46b/2 and 
.53b/2 

Clark Y 

30 

3.39 

.268 

.2 

. 46b/2 and 

Clark Y 

36 

4.05 

.274 

-.5 

.53b/2 
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Figure 1.- Three-view sketch of 0.03-scale transport airplane model with flaps and gear 

retracted. Linear dimensions are in meters. 







0.30c 


Spanwise Location of Fins 



airplane model. Linear dimensions are in meters. 


















(b) Pitching-moment coefficient 
Figure 6.- Concluded. 




(a) Lift and drag coefficients. 

fure 7.- Effect of of one fin on longitudinal aerodynamic characte 
of the transport airplane model with the Clark Y airfoil fin located a 
30-percent-chord line at 0.42b/2. i|. = 0°; landing flap configuration 
landing gear down. 







(a) Lift and drag coefficients. 


Figure 8.- Effect of af of one fin on longitudinal aerodynamic 
characteristics of transport airplane model with the Clark Y 
airfoil fin located along 30-percent-chord line at 0.46b/2. 
i^ = 0^; landing flap configuration; landing gear down. 
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e 11.- Effect of OLf 
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O Fin off 

□ Fin on 




Spanwise location of fin, 




Figure 12.- Variation of trailing-wing location and rolling-moment coeffi- 
cient with fin spanwise location for one Clark Y airfoil fin located 
along 30-percent-chord line at af = 30°. Trailing-wing model located 
7.8 transport airplane model wing spans behind transport airplane model 

^L,trim ~ ^ 


Fin Configuration 


O None 


□ One Clark Y airfoil at y/(W2) ' 

■ 0.42 

■ One flat-plate airfoil at y/(b/2) 

- 0.42 

OOne Clark Y airfoil at y/(h/2) 

■ 0.46 

ATwo Clark Y airfoils at y/(b/2) 

• 0.46 and 0.53 

bwTwo Clark Y airfoils at y/(b/2) 

- 0.42 and 0.50 


l,TW max 




, deg 

Figure 13,- Variation of trailing-wing location and rolling-moment coeffi 
cient with af for various fin configurations. Trailing-wing model 
located 7.8 transport model wing spans behind transport airplane model 

2 . 
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